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THE EFFECTS OF HURRICANE CAMILLE _
ON INDUSTRY, PUBLIC UTILITIFT, AND D]UBLIC WORKS OPERATIONS

Final Report

SUMMARY

OBJECTIVE

Thc devastation and subsequent reclamation and rebuilding alone the
Mississippli Gulf Coast following Hurricane Camille prasented ar .nusual
opportunity to study similar activities that would be necessary following

a nuclear attack or other large-scale disaster.

APPROACH

Site investigations and interviews were conducted in the Gulfport-Biloxi
area 1 month after the storm. Results are presented and discussed for public

utilities, manufacturing facilities, food prncessors, and debris clearing

operations.

This study analyzed the repair and restoration efforts that followed the
hurricane. To accomplish this:

1. Data were collected and evaluated regarding debris
removal oparations

2. Recovery and restoration methods used to activate vital
facilities were studied and evaluated

3. Informaticn was collected and analyzed relating to

problems of recovery and restoration of the vital
functions.
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FINDINGS

Restoration of Utilities

All utilities mede temporary repairs where feasible in an effort to
veastore service as quickly 8s possible, Electricity was restored to 60% of
the customers able to use it in 5 days, 90% in 11 days, and almost 100% in

15 days. Gas lines were repaired and service restored according to the

company's predetermined hurricane plan, The telephone company reestablished
long distance service within 2 days; local service to some customers was re-

established later than 5 weel’s poststorm.

Restoration of potable water service was delayed until the Public
Health Service officials could declare the water safe for drinking, Mains
were repaired and near-normal service of potable water restored within 1

week in Gulfport and 2 weeks in Biloxi,

The Gulfport sewer system suffered only minor damage, but that in
Biloxi was heavily damaged and may require the rebuilding of 2 significant
portion. Primary treatment began in Biloxi in 19 days; secondary treatment
was delayed for approximately 850 days after the hurricane due to
unavailability of replacement instrumentation,

Restorstion of the Manufacturing and Processing Industry

Stors damage varied considerably among the facilities, Flooding caused
ma jor damage to electrical equipment snd machine bearings of low-elevation
plante; other damage was caused by high winds and water-driven debris. Plants
at higher elevations suffered minor wind damage to siding snd roofs, which left
building interiors vulnersble to wind-driven, salt-laden rain.

Osnerally, facilities wers restored dy clesning out mud and debris and

performing minor equipment repair, wvhich was done by smployees. Contractor
personnel were hired to repair or replace roofs and siding and to perform
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the more technical repairs on equipment. In many cases the plents were
ready to resume production before electrical service was restored. Notable

exceptions are discussed.

Restoration of the Food Indusgsz

Plant enployees performed most of the restoration work in th. food
industry. The first task was to protect equipment and inventory from further
damage from the weather. Plants were then cleaned and minor repairs and
restoration done on plant machinery. Outside assistance was needed for roof-

ing and electrical work.

Some food processors experienced some difficulty in retaining employees

who were attracted to temporary but higher paying jobs in the debris clearancs

projects.

Debris Removal

Publiic safety and public utility emergency crews were ssverely handi-
capped by flood damage and debris obstructing or clcsing the major arteriai
streets. Therefore debris clearing aimed at opering emergency lanes began
immediately after the storm subsided. Within 1 week 211 major access roads
had been opened (in many cases only to one lane of traffic); in the first
2 woeks 338 miles of streets had been cleared and an initial 17,000 truck-
loads of debris dumped. Subsequently the removal of dabris from the many
damaged and destroyed properties was tnderiaken. Over a 3-month period this

effort reculted in trucking over 300.000 loads to 17 emergency dump sites,

Although the Corps of Engineers, who coordinsted this effort, maintained
detailed records, they were not sufficiently comprehensive to add to the

existing predictive procedures for debris remsoval.
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RECOMMENDAT IONS

The Office of Civil Defense shouid continue to support directed investi-
gations and surveys of disasters, for they represen. an impor*ant socurce of
information on the effectiveness of civil defense programs. Rach disaster
should be documented by a "'data bank" of all pertinent informetion, maps,
photcs, reports, etc., so that disaster and civil defense researchers can

select from a comprehensive collection of materials,

Plauning guidelines should be dnaveloped for future large-scale debris-
clearing operations, Future cebris- learing operations should make use of
thvse planning guidelines anc¢ should be documented by engineers well-schooled
in production rate eatimating. Experiments should be performed in the course
of these debris-clesring operations on candidate methods for improving opera-

tiona} efficiency.

Existing procedures for deciding the disposition of foods that have loast
refrigerstion, or canned goods whose containers are damaged, zhould be re-
examined, and if found in need of revision, new guidance con safe salvaging
methods should be developed.

Mathods and procedures for fully utilizing portable emergsncy electric
gonerators should be aeveloped, including those for establishing priorities
for the use of gensratoars, distridbuting them, announcing their availability,
transporting them, and protecting them from storm and flood.
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ABSTRACT

This report describes the results of an investigation and a
site inspection of the industry along the Mississippi Gulf Coast
following Hurricane Camiile, The investigation covered public
utilities; selected samples of the manufacturing, chemical process-
ing, and food processing industries; and public works, including
debris removal. The major topics covered during the interviews

were hurricane plans and preparations, emergency actlons during

the hurricane, damage inflicted, and restoration activities,

The results are examin~d from the viewpoint of their relation-
ship to civil defense and restoration efforts following a nuclsar
disaster. Conclusions are drawn that relate to both hurricane and
nuclear disasters. Recommendations are made on measures to reduce

the effects of such disasters and on subjects warranting further

study.
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Section 1
INTRODUCTION

Kurricane Camille, which struck the Mississippi Gulf Coast on Sunday,
August 17, 1969, just before midnight, was the greatest recorded storm ever
tc hit a heavily populated area of the western hemisphere, It was the most
intense hurricane ever to strike the American mainiand. It devastated the
Mississippi coast with winds of 139 mph* and tides of 23 ft. The death
toll as of August 22nd stood at 130, just in Mississippi, and tctal storm
damage could pass the $1 billion mark (Ref. 1). Camille violently disrupted
normal life, business, and industry, and brought into play emergency actions
on a8 scale that appears to resemble what we wculd expect under a nuclear

attack (minus the special actions necessitated by fallout and fire). 1In this

respect Camille offered an unprecedented opportunity for civil defense research

and analysis. It was because of this opportunity that OCD supported research
and investigation in the Gulf Coast area following Hurricane Camille.

Early reports from the Mississippi Gulf Coast described the enormous
quantities of debris that were generated by Camille. The Office of Civil
Defense has studied debris formation and distribution resulting from nuclear
attack (Ref. 2, for example), mcthods for developing a debris clearance and
removal program (Re’s. 3 and 4), and methods for estimating debris removal
requirements (Ref. 5). The Mississippi Gulf Coast restoration activities
appesred to be a possible source of information and data that could be com-

pared to these studies,

Other news reports told of the loss of electric power sand telephones
because of Camille. Utilities are of course of vital interest to the Office
of Civil Defense. Industry, especislly those negments producing food, is
also of interest. Studies for the Office of Civil Defense have covered the
spectrum of events from shutdown through damege, repair, and reatoration
(Refs. 6, 7, and 8, for example). The Office of Civil Defense hoped that the
Camille disaster would yield information that would relate to these studies,

3
Unofficial reports gave wind velocities to 05 mph.

1
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OBJECTIVE

The objective of ti.is research was to li.vestigate the industrial and public
works aspects of the Hurricane Camille disaster as related to civil defense.
This included obtainin, information on Gulf Coast restoration efforts and

information on industrial emergency cperations and damage to industrial
facilities.

SCOPE

The area of primary interest was Gulfport and Biloxi, Mississippi.
The investigative effort was spent on the study of

e debris removal

¢ restoration of utilities — electricity, gas, water, telephone
and sewerage services

e industrial preparation, damage, and emergency operations

Little effort was spent on EOC or shelter-related activities.

APPROACH

The work focused upon analyzing the repair and restoration efforcs that
followed the hurricane. To accomplish this, we

1. OCollected data regarding debris removal operations relating
to restoration of community functions and critical facilities
and evaluated those operations

2. Studied and evaluated recovery and restoration methods used ' ‘'
to activate vital facilities, e.g., power, water, gas, sewage,
i and an oil refinery

i 3. Collected and anslyzed information relating to a specific
community problem of recovery and restorstion of the vital
functions

Information was derived from interviews between September 17 and G:otober 6,

1969, with industrial managers, civil officials, and military leaders; from

plant visits; from touring the ares, and from reviewing the few after-action
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reports that have been made available to us. Very little meaningful quantita-
tive information is available at this time. Therefore results and conclusions

are mainly based on qualitative information.

A site inspection was conducted in Gulfport, Biloxi, Ocean Springs, and
Pascagoula. It included all utilities, samples of manufacturing industry,
samples of food industry, and all groups responsible for debris clearance.
All available data, including several pertinent reports on Hurricane Camille,

have been gath2red and reviewed.

Significant findings were identified, discussed, analyzed, and then

conclusions developed through small debriefing seminars and conferences :.f
the project staff.

HURRICANE CAMILLE

The U.S. Weather Bureau gave extensive warning to the Gulf Coast on
Camille. The first advisory recognizing Camille as a tropical storm scuthwast
of Cuba was issued on Thursday, Auguest 14, 1868, By 9 a.m. Friday, she was
declared a hurricane, and by midnight, "dangerous.” On Saturday evening tides
to 12 't and winds to 150 mph were predicted, but the path of the eye of the
hurricane vas not predicted, except generally. This was less than s day and
a half before the cocast was hit, and many establishments had committed then-
selves to their established plans. Then at 3 p.m. on Sunday, when Camille was
less than half a day from the cosast, the unprecedented intensity of 1890-mph
winds, tornadoes, and 20-ft tides were predicted. Table 1 lists these 2and
other important developments in Camille that were reported by the Westher
Bureau on the Gulf Coast (Ref. 9).

Camille's path is shown on Fig. 1; UCamille crossed the Gulf in just two

days and, contrary to expectations, did not "hook” and heand for the middle
of Florida.
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Thursday

Avg 14

Friday
Aug 15

Saturday

Aug 16

Sunday
Aug 17

Monday
Aug 18

Table 1
CAMILLE CHRONOLOGY

Camille was first detected as a tropical storm southwest of Cuba,

At 9 p.m. EDT, the weather bulletin warned that "conditions favor some
intensification” of this tropical storm.

By 9 a.m., Camille was declared a full-fledged hurricane with conditions
favorable towards some further intensification, No prediction as to the
course of Camille had yet been made.

By 6 p.m,, the Weather Bureau advised everyone slong the eastera Gulf of
Mexico to remain in close touch with future weather reports.

By midnight, Camille was reported to be a dangerous hurricane,

Small craft along the northwest Florl!da coast and as far west as Mobile
were advised to seek safe harbor and conditions were reported to be
favorable for an increase in Camille's intensity.

At noon, tides 5 to 10 ft and winds to 115 mph were predicted, but the
Weather Bureau noted that conditions wz2re still favorable for some
further increase in inteansity.

By 6 p.m., Camille was declared very intense with predicted tides to
13 £t and highest winds at 160 mph. Small craft from Pensacola to
Cedar Key were advised to sesk harbor,

At midnight, the Weather Bureau predicted tides up to 15 ft and winds
up to 160 mph., The hurricane watch was set from Fort Walton to Biloxi.

At 6 a.m., gale warnings were extended westward to New Orleans and
hurricane warnings were in effect from Biloxi to St. Marks, Florids.

By 4 p.m., the Weather Bureau predicted tides to 20 ft, winda to 180 mph,
and tonisdoes.

At 7 p.m., hurricane force winds were reported occurring at the mouth
of the Mississippl River. Tornadoes were considered likely up to 100
miles inland and heavy local rains of 8 to 10 in. were predicted.

By 4 a.n., Camille had begun to wesken. Highest winds were estimatsd
at 130 mph, Camille had crossed the cosst and wan centered about
20 miles from Hattiesburg, Mississipppi.

At noon, Camille was about S50 miles north of Jsckson, Miss'ssippi.
Highest winds were about 50 mph ana tides along the coast were falling.

i Source: 258A (Ref. 9)
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Fig. 1. Path of Hurricane Camille, Aug 14-22, 1968

The damage and destruction from Camille is mapped in Pig. 2. The hoaviest
destruction occurred on the coastline,especially in low-lying areas. uch
of this was attributed to the wind-whipped tides flooding thessé areas, aug-
mented by the full fury of the winds. The intensity and extent of damage
diminished considerably immediatel: etbove the high-tide line., Then wind
damage gresduslly diminished as Camille spent its=1f while moving northward

across land,
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| SOURCE:
Map based on informaiion compiied U.S. Army Corps of Engineers
by the Red Cross Mobile District
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Pig. 2. Map of Damage end Destruction Levels
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Section 2
PINDINGS

The interview findings are grouped by industry class (under tke headings
of "utilities,” "manufacturing and processing industry,” “"tcod industry") and

under the general heading "debris clearance."

UTILITIES

All major utilities in the Gulfport-Biloxl area were covered by inter-
views. These included the electric power company, the gas distribution

company, the telphone company, and the Gulfport and Biloxi water and sewer

companies.

The electric, gas snd telephone utilities had hurricans plans and imple-
mented these plans upcn receiving warning that the hurricane was forwming
southwest of Ciba, even though this was more than 600 miles away and the expec-
tavion was that it would cross the coast at Florida, not Mississippi. All of
these companies set up plans for calling in repair crews from distant parts of
the system or from affiliated companies in the Socuth, All utilivies used
temporary repairing techniques, where suiteble, for the preservation of sur-

viving equipment and the early restoration of service (Fig. 1.

The gas and water companies .ttempted to maintair scwe positi.. presasure
in the distribution systea mains in order te reduce or avoid thair contsuina-
tior, As a tesult of this policy, these companies had an jmmediate post-stors
high workload of plugging leaks and isolating destroyed sections. Th- electric
end telephony utilities did not have this provlem.

3

“he rate of restoring service was limited more by th:e savailability of
technically trained repsir manpower than it was by the avaflabil ty of repair

maierials, This sppesred to be the case even though repair manposer was drawr
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rig. 3.

Tetiporary Repaii of Electric Power Distribution
System: Stubbed Poie (Sept 1969)
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from a very large area of the South. However, in order to keep wéll ahead of
the demand, massive quantities of repair materials were shipped into the disas-
ter area from all over the country. Plenning for the restoration of service
was uncomplicated, {.e., we found no evidence that any planning group made
detailed or sophisticated resource allocation evaluations and decisions. We

believe that such evaluations were not made by them because the massive support ]

from outside the disaster area made such evaluation apparently unnecessary

despite the magnitude of the destruction.

The distribution systems of the utilities were severely damaged. Repair
crews required mobility and access to demaged parts of the distributior system.
Light debri= on roads seriously hampered mobility by causing flat tires on
repair trucks. This problem was alleviated somewhat by a tire repair company
that repsired tires in a shop, loaded them on a truck, and delivered them to
the field where they were needed, trading repaired tires for punctured tires,

then repeating the process.

Traffic along those routes that were open was unusually dense. Since
traffic signals were inoperable, the reault was severec congestion, which impedad
the movement of repair vehicles and slowed the progress of repair snd restora-
tion. These conditions improved when the National Guard controlled traffic
into the cifected area and after the public works department and private con-

tractors opened additionas routes by clearing debris.

Had repair crews from outside the ares not been avatiable, the rate of
restoration of service, it is estimated, would have been reduced to one-Palf to
one-tenth the rate that was achieved.

These comments apply generslly to all of the utilities. Comments regard-

ing specific companies are given below.
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Mississioani Power Company

The Mississippl Power {ompsny is a subsidiary of the Southern Company.
Ags a part of its hurricane plan, it distributed equipment and supplies from
the centrai warehouse to local repair yards, where they would be more avail-
ahle at the expected point of aeed and where they would be less vuinerable
to a freak accident. As another preparatcry sction, repgir crews frum affili-
ated power companies were mobilized so that they could be sent into the Gulf

Coast area as soor as winds subsided.

As Camille crossed the coast and mcved northward, power pcles and power
linss were bhlown down by the wind and knocked down by falling trees. Service
deteriorsted rapidly, and by about 2 a.m. August 18, the Mississippi Gulf
Coast was wirtually without electric power. The failing power lines started

several fires, but these were apparently minor and of little consequence.

Southern Services, Inc., Birmingham, the Southern Company's ser:ice
orgenization, was contacted early Monday morning, August 18, for help in
securing additional line crews from Mississippi Power's sister companies in
Aiabama, Georgia, and Fiorida. This enabled Mississippi Power Company rer-

sonnel to concentrate on immediste repair problems.

The extent of damage and st.tus eof the power distribution system on
Monday morning, August 18th, as described in Ref. 10, are shown In Fig. 4

and tsbulated below. The Jack Watscn power plant, the Jargest on the

Table 2
ELECTRIC POWER SYSTi:M TRANSMISSION LINE DAMAGE

Transwission Percentage
Line Out of Service Structures Down
230 kv 35 67 towers
2i5 kv 65 51 H-frames

48 kv 77 56 poles

AN Tk i
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Mississlppi Gulf Coast (Fig. 5), suffered only minor damage, but the 230-kv

transmission line (Figs. 5 and 6) was extensively damaged.

Approximately 1600 specialists were brought in from affiliates during
restoration operations. On the peak day of activity, approximately 1350 line
personnel (the eguivalent of 300 crews) were working in the area. The normal

complement of repair specialists is about 100.*

The estimated rate of restoratiun of service, based on available data,
is shown in Fig. 7. Several thousand pre-storm electric customers sustained
severe damage and ware unal:le to accept service within a month after the
storm. However, within 5 days after the storm, the power company was able

to re-energize 60% of those nen=ding power and almost ail others within 15 days.

Repair crews worksd on an area-wide basis according to a pre-planned set
of priorities. This method of operation greatly simplified supervision and

managemeént problems and also diminished the need for centralized communicatior.

Distribution system restoration priorities are prescribed in the estab-
1ished Hurricane Bulletin under "Work Assignments.” The sequence of restora-

tion s as follgws:

1. Necessary sub~trasnsmi-sion feeders
2. Substations

3. Essential service customers

®

Hospitals and clinics

Waterworks

Sewerage facilities

Food processors and distributors
Ice plants

t ® 9@

*The feeding and lodging of this large number of persons would have been diffi-
cult under the beet of circumstances. This problem was magnified following
Camille beczuse such a high percentage of the restaurants and the motels were
destroyed by the hurricane; hence lodging and eating facilities were critical
items and will be included in revised hurricane plans.

12
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Fig. 5. Plant Jack Wetson, Principal Gulf Coast Steam Electric
Generating Station, and 230-kv Transmission Line

Fig. 6. Collapsed 230-kv Transmission Tower

13
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Fig. 7.

. Damaged primaries

. Services
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Mississippi Power Company's Recovery from Hurricane Camille
Feeders
¢ Individual customers served by undamaged line from feeders

& All customers having service entrance wiring in sdequate condition
o Other customers

Undamaged primaries (fuse replacement only)

Secondaries

Street lights
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Downed power wires represented a potential hazard to the populace, so

the power company periodically issued safety bulletins t: radio, television,
and newspaper throughout the day. There were no report: of ¢ lectrical injuries

to citizens from these downed wires.

United Gas Distribution Company

Hurricane plans were implemented. This incluced shutting off service to

customers on the south side of U.S. Highway 80 alcng the beach. Service to

the city of Pass Christian was shut off after ti's hurricane due to the magni-
tude of the damage to the homes and businesses in that area. Service to the

balance of the system was maintained.

System damage was confined mostiy to the beach area and resulted chiefly
from structures tearing loose from their foundations and gas connections.
Some uncovering of gas mains resulted from water wave action, as indicated in
Fig. 8.

The 32 service and constructicn employees and approximately 25 vehicles
normally working in the Biloxi-Gulfncrt arv:a were augmented by additional
company personnel from other operating areas of the company in Mississippi,
Louisiana, and Texas, incressing this wovk Yorcc to 127 men and 68 vehicles.

{n addition, 30 to 40 contractor personnel assisted in restoration work.

Both plugging of severed lines and service restoration work were per-
formec mainly on a blocii~by-block basis, with additional manpower in reserve

for oa-call work.

Small severed lines were plugged Ly driving wooden pegs into pipe ends
or b’/ the use of expansion stoppers as temporary repair, followed by permanent

repair later. Large. .ines were shut off by pipe squeezers and by welding the
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Fig. 8. Damage *0o Gas, Water, and Sewer Mains Near the Beach (Sept 1969)

ends closed. In spite of extensive damage to United's distribution system,
there were no fires, explosions, or injuries as a result of gas leakage. This
is in part attributed to the fact that natural gas is primarily meihane, which
is lighter than air, and that winds were strong enough to dilute the gas below
the explosion point.

Repalr crews and others who came into the Gulf Coast area from other
locations were hampered in their local travel by the fact that street signs
had blown down during the hurricane. Wherever pessible local non-technicsl
personnel, such as company salesmen, were assigned to one or msore repair crews

to act as guides.

The hurricane plans for United Gas Distribution Company were juriged by
the company officials to be sufficient for preparing for and recovering froa

Burricane Camille.
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South Central Bell

The South Central Belil telephone system provides service to the states
of Mississippi, Alabama, and Louisiana. As a pert of its hurricane prapaza-
tions, the telep. ne compsny alerted crews from northern districts and affili-
ated companieg well in advance of the storm. Then a "hot" line to Jacksoen
was established from the Gulfport-Biloxi area. At midnight on August 17th
the hot line was used to call the crews intov the Gulfport area.

Traffic managers cf South Central Bell made 15-minute checks on circuit
traffic beginning many hours before the storm. Limiting devices were installed
primarily on long distance circuits so that outgoing long distance telephone
calls would have a degres of preference over incoming long distance calls.

Some of this limiting action was required pre-storms, but the heaviest limiting

aoccurred after the storm.

The telephone company lost about 80% of its Gulf Coast long distance
circuits, more than 80,000 public and domestic telephones (or about threa-
fourths of the pre~storm total), and about 700 poles. The long distance sub~

marine cable across Bay St. Louis, which carried about 800 circuits, was lost,

Several types of tumporary repairs were msde. . The Bay St. louis long
distance submarine cable was replsaced with a cable laid on the railroad
trestle across the bay, this action was completed within a week after the
disaster. Supplementary long distance circuits were provided by portable
microwave units set up in downtown Gulfport. Temporary telephones, both long
distance and local, were set up on plywood panels at prominent locations in
Gulfport, Biloxi, Fass Christian and Bay St. louis.

After the storm subsided, telephone company engineers performed a broad
brush” survey in about 3 days to .dentify the locations and extent of major
Camage to the system. Detailed planning for recoastruction and repair was

held to a minimum by repairing lines sccording to s pre-established set of

priorities. An estimeting crew would preccde the construction crew, usually
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by a few duays, to make a detailed survey of a damaged section of the systen.
This survey included a complete listing of all parts and equipment required
for rostoring that portion of the system to pre-storm conditions as specified
by blueprints that were available. The materials were drawn from siores and
put on the repair trucks; the construction crew then proceeaed to rebuild the

system to original specifications.

Cable troubles were amou~ the more serious disorders; 2900 were reported
in the service area, mostly along the Gulf Coast. Both aerial and (to a
lesser degree) underground cables, containing perhaps several hundred tele
phone pairs (one pair per circuit), were torn, severed, and otherwise damaged.
Cften moisture leaked into damaged cables and seriously degraded signal
quality. BRestoration, splicing, or replacement of a multiconductor cable is

& tedious, labor-consuming task.

Miraculously none of the central offices (there are about eleven in the
Mississippi Gulf Coast area) was seriously damaged. The central office in
Pass Christian was saved by the employees who sandbagged the low openings and
effectively prevented flooding by seawater, On the other hand, thirty-seven
private switchboards (PBX) were completely destroyed and nine partly destiroyed.
(Some of these were not needed post storm because the businesses they served

had besen lost.)

A problem peculiar to the telephone company became evident. Wwhen s
station that had been severed from the line was called, the calle. heard a
normal ringing sound, leading him to believe that the station was functioning
normally. The caller was thus prompted to continue ringing and wait for his
connection to be completed. This peculiarity in the system resulted in incom-
ing long distance calls tying up the lines for extended periods. The probleas
was alleviated through the tedious procedure of manually identifying astations

on severed lines and then installing intercepts® on each line.

An ifntercept is a recorded message stating that the station called is
temporarily out of service.

12
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Water and Sewer

The cities of Gulfpcrt and Biloxi each have independently functioning
water systems and independently functioning sewage syste:s., They ar: ouorated

under each community's Depastment oi Public works.

Water

The Gulf Coast area has abundant water available from shaiiow wells. It
is drawn from these wells by electrically powered pump:. Some stc sge capacity
and hydrostatic head is maintained by water towsrs. Several of the pums: have

standby diesel for emergency >ower,

The Gulfport water system has blocking valves so that porticns of the
system can be isolated :2lectively. PFurther, t:is system has standdy gasoline
or diesel motors on three of its pumps. The Biloxi system has no blocking

velves.

Pre-hurricane preparations included topping off the Gulfport §50,000-gallon
tower to give it stability against the winds and then valving it off to provide
an emergency sousrce of water for fighting fire. In addition, electricians and

well~maintenance crews in Jackson were alerted.

Post-hurricane survey revealed that 25 percent of the Gulfport water dis-
tribution system was damaged and normal power was lost to all pumps. After
the hurricane, damaged pa:ts of the system were 1solated with the blocking
valves and at three locations diesel-driven pumps were activated to maintain
pressure. The Gulfport system never fully lost positive preasure. On the
other haud, the Biloxi system, which also lost powsr to s}l pumps, had bresks
which were not all sesled for 3 days and therefore i{t did losec all positive

pressure and was contaminated.

The State Hoard _f Health suspected all Gulf Cosst water supply systoms,

fron Waveland to Biloxi, to be contaminated, and fssued warnings to the public,
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via loudspsaker trucks, against drinking untreated water (Ref. 11). Some
information sources indicated that tests of Gulfport water never did show
contamination, but the Board nf Health reported contamination. The Gulfport
water supply wus cleared of contamination on August 22, 4 days after the
hurricane (Ref. 11). It was reported to be approved for drinking about :

weck after the hurricane. Tests showed that Biloxi water was heavily con-
taminated. The Biloxi water system was superchlorinated and was clear of
contamination on Augusi 28, 10 days after the hurricane (Ref. 11), and reported
to be approved for irinking 2 weeks after the hurricane. These delays, 1 week
for Gulfport snd 2 wecks for Biloxi, in restoring running water of potable
quality worked s considerable hardship on the populaticn.

In Pass Christian (which has its can water system), some residents
objectad to the heavily chlorinated water when the system was restcred and
80 they reactivated some old wells which gave them good-tasting (but untested)
water. Subsequently many of these people became ill, presumably from con-

tuminsted well water.

Hurricsane preparations ar~ being changed as a result of the experience
gained from Camille. The blocking system is being realigned and two additional
standb’ enginses will be purchased. The well equipment that needs rebuilding
will be constructed more sturdily.

Sewver

The Gulf Crast area is barely above sea level. Therefore sewage flows
by gravity from the source to sumps at 11ft stations, where it is raised by
slectrically driven pumps or eductors and then flows by gravity to the treat-
went plant, wvhere it is given primary and secondary treatment (some of the
sswvage might bde lifted in two stages). The Oulfport and Biloxi systems are
substantially the same. The main difference is that the Biloxi sevage system
is generally at & lower clevation than the Gulfport system. The only pre-
attack preparationr tiken were that severul of the lift-station electric motors
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in the Biloxi area were removed and s3tored on high ground at the sewage treat*~
ment plant. This effort proved to be fruitless as the motors were flooded by

the '"nanticipated extra-high tide.

After the hurricane, limited service was restored in the Guliport system
by pumping out the sumps of the 1ift statiors by means of cesspool cleaning
trucks. Th.ee of the stations were inundated and the motors soaked with salt-
water. Many service cocnnectione along the beach were bruvken. There was no
glectric power for the 1ift station pumps. Lack of city water, becsuce of the
impaired water distribution system, helped the sewerage system because less
water was used, and therefore less sewage lifting capacity was rejuired.
Conzequently, the cesspool cleenout trucks were able to keep up with the
load,

Both Biloxi and Gulfport baked the c(lectric motors to d»y thea out.
The city of Blloxi re-installed these motors even though it was recognized
they were not suftable for permanent service. This was doane under the
assumption that replacement motors for the pumps would »e obtainable from
outside the Gulf Coast area in time to maintain a continuous =erviie. These
motors operated satisfactoriiy for a while, but eventually they overioaded
and shorted out and were severcly damaged. Nevertheless, the city considered

tnis tactic for rapidly restoring service was justified for public heslth

reasons.

Sections of Bilcxi were underwvater cduring the height of the storm. The
sewage system filled with water, and when the tide subsided it was left with a
pesitive head of water. Further, because the pu~ps were damsged and without
power, this positive pressure could nuot be relieved. As s result, there was a
very unususl "'domino’ effect uf davage. The positive pressure inside the sewer
eventually blew out many of the joints and, since thesc sewer pipes are buried
in fine sand in many parts of the town, the sand began to sift through the

leaks in the joints and iato the sswer. This in turn left voids under the
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pavemeint of city streets ir. many places. Subsaquent heavy traffic on the city
streets broke down the pavewent, expoging potholes. The resulting damage to
the street system snd o the sewver system was so sericus that the city is con-

tomplating replacing large norticns of tiie sewage system,

The Biloxi sewage treatment plant was inundated and all contruls were
flooded with saltwater. The following table indicates the restoration of

sew .Je service for Biloxi.

Days After
Hurricane Date - Event
4] 8/17 Burricane Camille hit
Gulf Coast
8 8/25 Two sewer 1ift 3tations
were partially operable
12 8/29 Marial chlorinatica of
sewage begins
13 8/30 Two eductor stations in
operation
19 8/5 Primary sewer systems serv-
ing 100% of the people
approx 90 approx 11/18 Secondary treatment begins

Primary treatment was begun after 12 days by manual operation of the plant.
However secondary treatment was delayed for an extended period because critical
electronic instruments and controliers were unavailable even though a nation-

wide search was initiated for them.

MARUFACTURING AND PROCESSING INDUSTRY

Almost all industrial establishments took heed of the hurricane warning
and mede preparations for the high wind and high tides, Most establishments
shut down (many shut down routinely over the weekend anyway), cleaned up, and

secured all the gear that might be‘blowh about by the high winds. Plants were
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then either evacuated or staffed by security guards. Those facilities that :
cculd not shut down completely — mostly because of high-temperature furnaces
requiring more than 3 days to cool -~ recruited emergency crews for maintaining
the plant equipment or a standby condition.

Storm damage varied considerably among the facilities. Low~elevation
plants suffered water damage, especially to electric motors, electrical con-
trollers, electrical terminal boards and the bearings of rotating machinery.
Some of these also suffered damage from water-driven debris (Fig. 8). The
plants at higher elevations suffered minor wind damage to siding and roofs,
which in turn left the interior of the plants vulnerable to wind-driven rair

and saltwater. This water damsged electrical equipment,

Plants were restored by cleaning them up, repairing damaged siding, and

by cleaning and repairing or replacing electrical eauipment and bearings that

s
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Fig. 8. Small Machine Works Badly Damaged by Debris-Laden Tide (Sept 1869)
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had been damaged hy water. In all but a few cases, the damage was minor and
the plant staff assistad materially in restoring the plants., The plant staff
in general was able to clean out debris and mud and to clean and refurbish
electric motors and electrical terminals, etc. Contractor personnzl were
brought in to repair building siding and roofing and to perform the more tech-
nical repairs and refurbishing. In many ceses the plants were restored and
ready for production before electrical service was restored. Notable excep-

tions are discussed in the following paragraphs.

Standard 01l of Kentucky

This petroleum refinery is located in Pascagoula, Miss., and has a normai

capacity of about 135,000 bbl = day (Fig. 10).

The plant has three types of shutdown, a crash down taking 2 hours but
possibly causing severe damage to some operating units; a safe shutdown taking
about 12 hours and much less harmful to equipment, and an orderly shutdown which
takes 48 hours and does not apply unusual stress to equipment. With any type of
shutdown, the plant normally majintains operation of its steam plant so that
steam-traced lines may be heated and stand-by pumps operated. This open-air
plant has found that it canncot safely operate with winds in excess of 50 mph
because of the hazards to personnel from flying debris. Therefore the manage-
ment elected to proceed with the orderly 48-hour shutdown and to evacuate the

plant except foi a small security force,

During the stbrm, the steam plhnt and all emergency power were incapaci- ¢
tated by the tide flooding the plant to a depth of about 4 ft — which was also
the major source of damage. Electrical items and the bearings of rotating

machinery were damaged. The total damage ran into the millions of dollars.

Restoration of the plant would have been impossible without supplies and
parts obtained {rom outside the area and, in many instances, from great dis-
tances. BPearings and electrical parts were the most critical items. The

plant's cwn work force was augmented by 80 refinery men imported from affiliated
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Fig. 10, Standard 0il of Kentucky, Pascagoula Refinery (Sept 1969)

companies across the United States and by 400 contractor personnel not accus-
tomed to working in oil refineries. (They appesred to work at about 50% of the
efficiency of the oil refinery men.) In addition, 650 electric motors were
sent out for repair. Electrical power service was restored within 2 days.

The plant was restored and ready for pnroduction after about 1 month. Without
the imported help, the plant would have been out of service two to three times

as long.

The amount of damage to this o0il refinery by flooding is very dependent
upon the depth of floodwater. Had the water depth been 3 ft less (that is,
Just 1 ft), damage would have been almost insignificant. However, had the
depth been 2 ft greater (that is, 6 ft), instruments and controllers would have
been submerged and the amount of damage would have been enormous. The manage-
ment of this plant is now considering diking, either a peripheral dike or dikes

around individual units.

25
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Olin Aluminum

This establishment manufactures extruded aluminum shapes and has about

178 employees.*

The plant has a shutdown plan to be executed in the event of hurricane
both to protect personnel and to protect the aluminum furnaces, which if
"crashed down" could take as long as 5 months to refurbish. The hurricane
plan was in force 36 hours prior to the expected time of the hurricane's
arrival. The casting house was shut down 24 hours prior to the storm. Then,

on Sunday, the mill was shut down, which took about 5 hours.

After the storm, an equipment damage survey was performed in about
3 hours by one experienced man. Significant equipment damage was limited to
one 60-hp mctor, which is considered minor for this plant. However, obtaining
a replacement moter was very difficult, During the restoration period,
absenteeism was minor and did not hinder the progress of restoration. Electric
power was restored within 2 days (the plant is a large consumer of electric

power), and production was resumed in 8 days.

Glenbrook Lanoratories

This piant manufactures milk of mnagnesia and has a large pharmaceuticals

warehouse. The establishment has approximately 85 employees.

The plant (except for the chemical processing area) is routinely shut down
on weekends and offers no significant shutdown problem. It has its own well
and & 75,000-gal standpipa. A portion of this capacity (50,000 gal) is
reserved for firefighting and leads directly into the fire nrotection systemn.

*Workforce data derived from the following sources: 'Principal Manufacturing
and Processing Plants, Gulfport, lisailsippi," prepared by the Gulfport Chamber
of Commerce and "Community Audit for Biloxi,” prepared by the Director, Biloxi
Port Commission.
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The chemical processing plant was shut down piior to the anticipated
arrival time of the hurricane, and a number of employee's families sought

shelter in the plant. The plant suffered little damage.

Electric power was restored 4 days after the storm and production

was resumed in about 7 days.

The emergency plan for the facility is being revised to include emergency
power for lighting.

Gulfport Glass

This establishment manufactures glass bottles. It is located adjacent to
Glenbrook Laboratories, It is the source f:rom which Glenbrook obtains all
its bottles. Gulfport Glass has about 172 employees.

The plant's hurricane plan includes shutting down production and stopping
the pouring from most furnaces. However, a few of the furnaces must keep
pouring slowly or the pour throats will freeze, and unblocking is a tedious
process. The plant hus a 125-kw emergency electric generator, whi~h is suffi-

cient to maintain the minimum required forced draft to the fu:snaces that asust
keep pouring.

When the hurricane plan was put in effect, plant production was shut down,
the generator was tested, and an emergency crew to maintain the furnaces was

recruited (23 men volunteered). The events of major significance to this
plant are tabulated below,
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Time After
Hurricane Event
2 hr Roof leaked and rainwater shut down the
emergency generator
5 hr Generator was returned to service
5 hr Insufficient water pressure to supply
glass cooting water, Pouring throats
froze
2 days Electric power was restored
2 days 50% of work forc> reported for duty
5 days Pouring throats cleared
8 days Water pressure was restored
10 days Production resumed.

The plant suffered little damage from the storm. However loss of some
weather protection allowed rain and saltwater to blow into the facility,
drowning the electrical controller and causing the emergency electric genera-
tor to shut down. Gas to the furnaces was still available, and the generator
was restored to service in tire to keep the furnace pouring threcats from
frsezing. However glass cooling water (from the municipal water supply) was
lost and pouring was stopped to prevent the buildup of intolerable heat.

The pouring throats froze at this point,.

The plant was ready to begin production 8 days following the hurricane.
However, water pressure was still iow and the plant might have consumed so
much watsr during production that neighboring residences would have been
deprived of sufficient water. Therefore the management elected to delay the
restarting of production until 10 days after the storm, when sufficient water

pressure wvas available.

The plant must have outside uiility suppert of gas and water in order to
maintain furnace operations during an emergency. A mutual aid agreement between
this sstablisheent and Glenbrook Labs would be worthy of exploration. Perhaps
Glenbrook labs could supply water to Gulfport Glass for an emergency period.
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However, if the minimum flow rate required by Gulfport Glase would signifi-
cantly deplete Glenbrook's reservoir, then Glenbrook would need additional
emergency electric power capacity in order to operste pumps to replenish iis

reservoir.

Gulfport Glass is in the process of building a new warehouse. The speci-
fications for this new warehouse will include additional atrengthening so tiat

the warehouse can withstand severe wind loadings.

H.K. Porter Co., Inc,.

This moderate-sized plant extracts magnesium oxide firom seavater, com-
bines it with chromium oxides, and fires the mix to fora refractory bricks.
The market is in the steel industry, primarily in Chieago, ill., Pittsburgh,
Pa., and in Birmingham, Ala. The critical portion of this plant includss two
tunnel furneces at ground level maintained st 3000°F and 3200°F.

The furnsces require a cooling period of 8 days and no preparations were
considered feasible to protect them. However a small security force stayed st
the plant. During the hurricane, as the tide came in and hit the hot furnaces,
a tremendous volume of steam was gererated, which eventuaslly forced the crew
to evacuate the vicinity of the furmaces and seek refuge in an elevated place

well away from the furnaces. No corrective acvtion was possible.

Miraculously the furnaces were not seriously dameged or collapsed by the
water. Appavently the furnaces were so hot and the duration of the high tide
an short that the water did not cool the furnaces unduly. On the other haund,
other damage and losses amcunted to more than $1.35 million, mostly through
damage to electrical items and rotating machinery. In uddition roofs and
siding of buildings were damaged.

Many blueprints of the plant were damsged or lost., Although sose of the
damaged prints were recoverable, the unavailability of many others was quite
detrimental to the restoration effort.

PPIPUSUE
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The first priority for restoration was the emergency power piant.
Commercial electric power was unavailable for several weeks, therefore the

company's own power plant meterially aided the reconstruction effort.

Most restoration effort was supplied by plant personrnel. The plant
received good cooperation for manufacturers and suppliers of replaccment
parts and instruments. Hcwever even after more than 3G days following the

hurricane, production still had not been resumed.

In its future emergency planning, this plant may consider duplicating —

or microfilming — vital blueprints for vault storage.

Coastal Chemical Corporation

This smal) plant marnufactures ammonia {500 tons/day} and phosphoric acid,

sulfuric acid, and diammonium phosphate. The plant operates continuously.

Shutdowa in preparation for the hurricane began 4 days before its expected

arrival. Tha plant could have been shut down safely move rapidly if necveasary.

The pneumztic instrumentation used in this open-air plant, which was
exposed to the rain and seltwater, was virtually undamaged by the storm.
Rowever slectrical squipment was damaged.

Almost all cisapup and restoration was done by plant personnel aided by
repairsen from Westinghouse Corp. Elmsctric power was restored in about 4 days.
The lack of electric power for lighticg was a wajor problem {nitially, and
ths plaut obtained several emergency electric power generaiurs for illumi-

nation and for refrigerstim of the liquid sammonia (to reduce product loss).

Partial production was begun within 2 weeks and full restoration of
production achieved in 3 weeks,

The plant smergency opsrating procedures will probably be revised to
include emergency power. However the facility is designed to fail safe so
that loss of the electric power does not give rise to safety hazards.

30
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Resin Manufacturers

Three small plants produced condensation-type resin (poly-type resin)
from petroleum fractions by polymerization. These resins are commonly used
for coating paper and for making phonograph records. Chemfax Company, with
33 employees, operates on a batch process, as does the Alpine Division of
Masonite Corporation. Delta Division of Reichhold Chemical Corporation
(Fig. 11), with 50 employees, operates in a step-wise continuous process.

Orderly shutdown of these plants requires about 8 hours maximm. A
crashdown in less than 2 hours would not leave time to empty and clean the
reaction vessels and the resins would set up in them, creating s major

clsan up problem and perhaps a fire and explosion hazard.

The two batch process plants were ghut down for the weekond as a normal
course of action; later, electric power waa disconnected at the mains. The
continuous process plant was chut down in an orderly manner. All three plants

were left unattended.

Fig. 11. Reichhold Chemical Corporation, Gulfport (Sept 1969)
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The hurricane damage was limited to direct wind dumage and damage caused
by wind-driven debris. These plants wire all above the maximum level of the

tides.

One of the three planis oad a 5.0.3ge yard conteining several hundred
empty metal drums. These could noi be fastened down or removed hefore the
stors. The wind scattered these :irums, causing heavy damage to the =iding

of several bnilding-.

Another of the plants was designed for 100-mph winds. It suffered verv
little damage (fortunately, there was no loose material in the yerd to cause

damage) .

Pollowing the hurricane, pigrat personnel performed almost pi! é:fibe

restoration work. Electric powsr was restored ir 2 dasys to 2 wecks; iel~phiine

communications for cne plant was cut for over § wecks. The lan: that received
the power within 3 days was able to restore two-thirde of its operatious in
4 days. Production was liaited by coitinued shortage of ~erscnael.

None of the plants had emergency elcctric power. AL 2 resuli, a Sudden
and prolonged loss of commercial electric power would constitute an unexpected
crasidown, causing resins to set up and producing aiaase to equipsent. Two |
of the plants had water pumps driven by prime :overs 1o supply cooling end
firefighting water.

Wurricane and disaster plans for these plants, when they sre revisud,
will probably take into sccount procedures for the s cirge of loose eguipment, e
crashdown procedures snd firo protection rrocedurves. 3
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Guly Publishing Company

This establizhment publishes the Daily Herald, which is the major dsily
newspaper of the Mississippi Gulf Coast. It employs approximaiely S0 persons.

The company prepared for the storm by losrding up the usny large plate
glass windows and by placing plastic tarps over some of the equipment (even
though the equipment was inside the building). T.2n the plant was secured.
Some people remained in the bu.lding ovsrnight to gather the news. This was
disps *ched to Columbia, South Carolina, as long as telophonv communication

was available.

During the storm the plant was flooded with about 18 in. of water, which
brought in large quantities of mud. This mud fouled electric motors and other
vquipment located on the floor. "

After the storm, employees cleaned the plant. An electrical contrsctor
(wae no:mally mainteins the plant's electrical equipment) was Mud to unla
motors; th: cusneny had no problem in securing his services. clocmp of the
ount &3 electrical repairs were cctuslly couploted by the end of the third
day fohmting the storm; coincideataliy, r.elac.t*ic pover way restored to the
plant. At tho Leginning of ti- sourth day, the plant was ia full operation,
end the paper was published in Guifport that aftertoon.

Svery mdition Gt the Dsily Hersld was publisned, Wnile the Qulfport
plant was out of gervice; an abbrevistsd version of ihe puder was pullished
in Columbisg, South Cariim. then flown to Guifport, where it was distributed
free to the Gulf Coast naid&nsn.

Tisber Industry

The pina forests of southern ﬂ:onts;ippx were very badly demaged by the
hurricane. Thie -Jasage was almost entirely the result of wind stressing the
wood Meicud its elwstic limit, csusing internal spliatering and subsequent
daath of the tree (Fig. 12). Dead trees sre rapidly sttackesd by insects and




Fig. 12. Damage to Timber by wWind, Ne:r Waveland, Mississippi

subjeci to "staining” (a form of mold or mildew). Such timber grades out
lower than prime timber, and if the attack is serious enough, the timber is
worthless, Detween 35 and 50 million board feet of timber was downed in the
101,000 acres of national forest. Total amouat of downed timber in the state
was estimated at 1.8 billion board feet, The cstimated potential value of the
downed timber was $50 million. The iorestry commission estimated that the
timber could start stsining within 6 weeks under adverse conditions but under

favorable conditions might last through winter safely.

Most iimberland is farmed by landowners who contract for timber grading,
cutting, hauling and shipping services. Their choice of action is therefore
dependent upon the availab’lity of these corntract services. Further, the

price of timber is —somewhat subject to the laws of supply and demand as well
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S the abilitv of the sawmilils and pulp mills to handle the vclume of uhe

material.

To avoid flooding the market or overtaxing the transportation network,

the possibility of cutting and storing the damaged timber was exploied.

Sprinkled timber or timber floated in ponds can be stored without damage for
extended periods of time. This alternative method of handling tinber is ‘ é
limited by the amount of contract labor available to build pondes and the amount

of labor aind materiazls available tu erect sprinkling systems. Further, these

storage methods add cost to the timber. Also there were demands for these

contract services from outside the timber industry.

This situation, with its numerous interrei.ted influences, sppesared to i
afford the opportunity for a detaiied resource allocstion evaluation. Such i

an evaluation was not performed for a number cf reasons, among which were:

® The possible economic payoff was not clearly mesented

e State officials did not have ready resources for making such
an evaluation

® The means for implementing such a plan were not evident

® Time was deemed to be too short

In short, the State Forestry Commission representatives felt that the
economic situation could not be mate:'ally improved because ail available

regources and services were heing fully used.

FOD INDUSTRY

Sample facilities of the food industry were selected for study, including
a fish cannery, a pecan sheller, a bakery, a bottling piant, a meat pscker,
a milk distributor, and the dairy asecciation, Most of these eztablishments

are small employiug between one and two dozen people,
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Fig. 13. Cleanup and Rebtulilding of Fish Canneries on Gulf Side of Biloxi
(Sept 1969)

and taking them to high ground, tying down all loose equipment that could be
secured, and moving product inventory to high ground More precautionary

actions were planned than could be accomplished during the 3 days available.

During the course of the storm the facility structures were extensively
damaged; much of the building =iding and processing equipment was destroyed.
This cannery can be swen on taz left ot Fig. 13. The worst aspect of the
water damage was that the tide was higher than anticipated and inundated the
hig'. ground where ths motors and the product inventory were stored, thereby

nullifying much of the storm preparation effort,
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Bottliqg Plant

The Seven-Up bottling plant (Fig. 14a) with 15 employees produces soft
drinks in both returnable and ron-returnable bottles. This plant uses water
from its own wells and imported syrups and extracts. Products sold in cans
are purchased from out of town contract canners, distributed on a franchise
basis but not produced locally. The building suffered moderate damage, mostly
to siding, doors, and roofs. Equipment damage was minor, but the plant did
sustain some damage to inventory. Temporary repairs to the structure
and permanent equipment repairs took a total of 2 man-months. Half of this
effort involved piant personnel; local carpenters did the rest. The plant

was ready for operation in 1 week.

Thirty percent of the plant's customers were beach establishments which
were lost. Also lost along the beach were vending machines valued at $35,000,
as well as approximately $30,000 inventory of bottles, cases, and illuminated
electric trademark signs. In the absence of telephore service, delivery
routes were re-established through personal contact bv salesmen. It took
about 4 weeks to fully restore the routes, excluding the establishments that

were destroyed.

Pecan Sheller

Williams Pecan Products Co. has about 30 employees. This company pur-
chases pecans grown in the Mississippi Gulf Coast area, shells and grades

them, and sells the meats to markets generally outside the area.

The tides from the hurricane did not reach the plant, and from the
street the building appeared almost undamaged (Fig. 14b). However, the roof
had suffered enough damage so that substantial wind-driven rain and saltwater
wae blown into the building. This roof damage was not visible to an untrained

observer scrutinizing the 1:10,000 scale aerial survey photographs.
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o ceins

A. Seven-Up Bottling Plant. Significant-appearing exterior damage
but equipment damage was easily repaired
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B. Wwilliams Pecan Products Co. Exterior damage appeared insignificant
but equipment and inventory was severely damaged.

Fig. 14. Typical Appearance of Plants Inland of Gulfport, One Month After
Camille
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The major equipment damage was due to airborne water (which contained
an appreciable quantity of salt) which penetrated through the damaged rocf. J
This water got into the refrigerator (whick had lost power) and contributed
to the mildewing; subsequently the Food and Drug Administration condemned i
over 1 week's finished production. The water also rusted much of the machinery
and damuxged beyond repair most of the electronic grading equipment. Replace~

ment grading equipment was not available locally and required 7 to & weeks for

delivery. Tempcrary repairs to the structure and permanent restoration oi

production equipment was accomplished by plant personnel in 8 to 9 weeks.

Grading adds about 3% to the value of the product. Production of
ungraded nutmeats could have begun in about half the tims actually required,
using self help and a local roofer. Further, in an emergency, the mild: w.d

product probably could have been salvaged for human consumption.

Bakerz

This small downtown bakery produces rolls and cakes for local trade.
Although the bakery suffered very slight physical damage, putrefaction caused
serious problems. The proprietor did not take the precautior of cleaning up
thoroughly Sunday after work. The next day, electric power was unavail-
able and the proprietor still could mot clean up because the interior of the

bakery was unlighted. As a result, all loose flour mclded and the required

cleanup took several days.

Eighty percent of the bakery's nomal trade — beach resort — was lost,

but enough retailers inland were picked up as customers to almost compensate

for the loss.
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Meat Packers

Dedeaux Packing Co., with about 35 employees, is a rather smgll facility
and depends primarily on hend lahor. Electric power was lost and minor
structural damage occurred. Electrical power was supplied through a Civil
Defense portable generator o keep the refrigeration units going, thereby
preserving inventory in the freezers. Commercial power was off for over

2 weeks.

Restoration of production was hampered by labor shortages. On the
other hand, the demand for meut products increased for a short time fion

3 head per day to 20 head per day.

Milk Distributor

sarber Pure Milk is a distributor that has plants at scattered loca-
tions over two states. The locel distributor employs about 25 persois.
The operation is sufficiently integrated that plants can double up to cowm-
pensate for lost plants. The operation includes a number of trucks gnd

drivers,

The facility, use. mainly as an office and for storage, auffered only
superficial damage and power outage. Route service was somewhat impaired

becgise of street and traffic conditions.

Response to the emergency was prompt. It included transporting ice
into the area to preserve milk stocks at retailers, and bringing in packaged

water within 12 hours after the hurricane and distributing it as needed.
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Dairy Association

The Gulf Coast Dairymen's Assoclation provides marketing service for the
raw milk of 60 dairies and has about $3 million in sales per year, The dairy
operations in this locale generally are highly mechanized. Cattle feeding,

milking, and milk processing are done by machine,.

Power loss affected all dairies and lasted from 1 to more than 16 days.
"Mis was the most serious consequence of the hurricane because every phase of
milk production, including storage, depends ca electrically powered equipment.
Milking by hand was limited by the shortage of trained personnel.

Several types of emergency action were taker to maintain milking opera-
tions. A 35-kw Civil Defense generator was mounted on a truck and moved among
four dairies to suppiy power for milking cows and refrigerating the milk.

This act¢ion was highly successful, No other portable generators were available
immediately following Camille. Some milking machines are vacuum actuated;
these were attached to the intake manifold of gasoline engines. This mode of
operation was satisfactory but very slow. The milking rate was reduced to a
bare minimum. Fresh cows were milked once a day instead of twice, and the

cows which were drying up were not milked at all. Teat dilators (a device

that dilates the duct in the teat sufficiently to allow milk to flow) were used
2% a last resort with disastrous results; about 20 to 25 (or 50% of those so
treated) became infected and had to be destroyed. Altogether, about 8% of

the cows were ioat for milking and werc sold for beef.

All dairy Zarms but one had a loss in production because of Camille. g
The most importsnt reason was lack of electric power, Figure 15, derived

from information supplied by the dairy association, shows the restoration

of production and the restoration of dairies following Camille. This figure
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! Fig. 15. Recovery of Dairies Following Camille

shows that, in general, power wes restored to the larger producing dairies
quickly (within 3 deys, production was back to 50% from 35% of the dairies).
The total milk production lost is equivalent to about 4.7 days' full

production.

The Gulf Coast Dairymen's Association is now preparing a disaster plan.
In addition, about one-third of the dairies have purchased emergency power

generators.
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DEBRIS CLEAWANCE

An enoruous amount of dz2bris was created by Hurricane Camille.
Apparently most of this debris was caused by the action of the waves coming
in on the rising tide. These waves pouided structures to pieces, uprocted
trees, and washed floating debris inland to the approximate location of the
higbh-tide line. Masonry debris and other heavy debris was moved for shorter
distances., Consequentiy, most of the debris that blocked roads and streets
was low-density debris, pri-arily wood in some form, In addition, the high
winds felled many trees over a very large area of the Mississippi Gulf Coast;
nany of these fell across roads, Occasionally, tornado-like winds moved
entire houses off their foundations and into the streets, partially blocking

them, or demoilshed structures and scatiercd the debris Ilnto the streets,

Other storm action disrupted highways ond bridges. The main highway,
US 90, ¢ four-lane highway whirh runs along the ccast from Bay St, louis to
the Bay of Biloxi, was badly battered by the storm, The highway bridges over
the Bay of St. Louils and the day of Biloxi were both thrown out of alignment
by the battering action 0f the waves s0 that they were virtualiv impassable
by auto. The highway between these bridges ras choked by debris in spots aad
undercut both by wave action and by ine receding waters, sc ihat large portions
of it collapsed and were impasssble, Fwergency transportation operations were

saverely curtailud because of ‘he loss of ithis important highway.

Five-Step Progras

Debris clesrance proceedwd in [ive steps;

1. Opening ail reads ic emevgency vehicles
4. Opening all roads to two-wpy traffic

3. Foadride debris vollest kun

4. Cleanup of condemnad property

3. Ba2ach c¢’eanup
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The manpower, equilri:ci, manageme. . uad fuading which contributed to the

debris-clesrzsve cperatior e irom many sources, The first step was
accomplisbes by the locsl Public Works Departments with support from the
¥aval Comstruction Battalion Base and local contrectors, The second and
tuird steps were started by Army Engineer units and cortinued (together with
F the four.h: and fifth steps) by private contractors from 2 six-state area

E’ uder tne management of the Army Corps of Engineers (Mobile District) by the
direction of the Office of Emergency Preparedness (OEP),

Step 1. Opening Roads to Bmergency Vehicles

The day after the hurricane, work begaa on opening a single lane for
emergency vehicles. Two miles of lanes for fire engines and ambulances zere
opened in three dzys. Debris was moved aside to clear a path for vehicles,

The Public Works Departments had 20 to 30 chuin saws and 3 front end loaders

for this work. The Navy Sea Fee Base supplied teo battsliona to civil authorities
and portions of thess construcilon uniis helped open roads. Local private
contractors also contrihuted bvildozors, etc., and npurators. We gather that
efforts werg concentrated on the mosi restricted paris of the important arterisl

streets,

Step 2. égbﬂlqg»ﬂgaﬁﬁ

Othgr s7reets and roads were sisilarly opened for two-way traffic during

this stey in order to provide access to all parts of the stricken areas and to
A clear ut{lity rights nf way, thersby permitting access by utility crews for

the restorstion of utility services. Debris was moved off to the sides of

the highways, roads. and streets into windrows and heaps so that traffic

could resume. Much of the stireet-block.ng debris was in the form of fallen

trees and water~driven building debris. The trees were frequentiy cut fnto

managesble lengths with chain saws to facilitite their removal {rom the

traffic lanes.
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This work, under the .. rmy Corps of Engineers, was designated "Phase I.”
Five civilian contractors, working for the Corps, began opening roads by the
third day following the hurricane. These contractors had a total peak force
of 121 men, B4 pieces of heavy equipment, and 26 chain saws. They had opened

all major access roads after 1 week of work.

Two groups of Army Engineers, totalling 920 men and their equipment,
arrived within a week after the hurricane and, under the general direction
of the Corps of Engineers, in 2 weeks cleared 338 miles of streets and dis-
posed of 17,000 truckloads of debris.* By this time enough civilian contrac-
tors were operating so that Army assistance was no longer critically needed.

The Army unite were then withdrawn,

Step 3. Roadside Debris Collection

This step included collecting the windrowed debris from Step 2 (Phase 1
of the Corps work) along the sides of streets and transporting it to designated
disposal areas north of each city along the Gulf Coast. Clearing operations
extended to 10 ft beyond the street edge in order to pick up as much debris
as possible from private property without going onto the private property.

This operation required three passes. The first was primarily street
debris. Because property owners were encouraged to remove debris from their
oroperty and set it at the side of the road, the second and third passes were
primarily trash and debris from private property. The first pass accounted
for about 75% of the debris; the second pass, 15%; and the third, 10%.

The Corps of Engineers organired the disaster area into 20 parcels
of about 5 scuare miles each and designated a dump site for each. Then con-
tractors ware selected for working each of the parcels. This operation was

designated bv 1.2 Corps of Engineer= s "Phase II."

*
From briefing notes prepared by U.S., Army ‘orps of Engineers, Mobile
District, 8 Sept 1869,
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Dump areas were chosen that would be as far removed as possible from
residences, but the attempt was made to minimize hauling distances (Fig. 18),
Existing dumps were used where possible. Some dumps were designated for burn-
ing, others for filling and covering, still others for dumping. The smoke from
one dump designated for burning became very objectionable to nearby residents;
the fire was extinguished only after several weeks and great expenditure of
effort,

The Phase II operation included hauling about 70,000 loads of debris
during the three passes. The debris had been scattered nonuniformly over

the 740 miles of roads, being entirely absent over many miles and extremely
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thick over others. Uniformly distributed, itne amount collected would have
constituted a 3-ft-wide windrow, 1 ft deep, on each side of the 740 miles

of road.*

Step 4. Cleanup of Condemned Property

This step included debris removal and building demolition from private
property in the interest of public health and safety at the reguest of the
U, 8, Public Health Service, The work was managed by the Corps of Engineers
and was designated "Phase III" by them. The Corps of Engineers obtained the
necessary liability releases from property owners for this work so that
contractors could operate on private property to clear all debris from the

property,

Those portions of parcels that were designated for Phase III debris
clearance were subdivided into 300 by 300 ft squares, This unit area was
chosen because it could be readily visualized and provided a useful incre-
ment for measuring daily progress. The Corps estimated that the average

square could be cleared by removing about 70 truckloads of debris.

Step 8. Beach Cleanup

The beach cleanup operation was somewhat similar to the Phase III opera-
tion, except that, becsuse the beaches are generally nct private property,
liability relesses were not required. Further, the techniques of beach
cleshup were readily mechanized (Fig. 17).

.Thil estimate assumes trucks carrying one-fourth of their cubic capacity.
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A. Scraping Debris into Heaps

Debris Heaps Ready for Removsl to Dump

Beach Dedbris Cleanup Operation (Sept 1969)
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Contrnctin‘ for Clearance

The Ofiice of Emergency Preparedness ordered the Army Corps of Engineers
into action on Tuesday, August 19, An emergency area office was
established in Gulfport on that day, This office grew to a complement of
17 officers and 44 civilians who assessed the clearing problem, determined
priority for clearing operations, prepared bid requests, evaluaied proposals,

and awarded contracts to civilian heavy-equinment operators,

As mentioned, the Gulf Coast area was divided into 20 separate contract
areas or parcels as shown in Fig, 16, Each parcel was the subject of a
separate contract to be awarded or the basis of successful competitive
bidding, Bidding was initiated socon after the storm, and within 2 weeks,
contracts costing $2.7 million had been awarded for the Phase II opera-
tion, which was scheduled for completion within 45 to 60 days.

The Phase III operation was initiated shortly after the Phase II
contracts were let, mostly using the same contractors, Thus the Phase III
operation was largely an extension of the Phase Il work, The Phase III

opsration was expected to continua fnr several months,

Contracts were let on a labor and equipment-time basis., Other
alternatives that were considered were fixed price gnd cost plus fixed fee,
The latter methods require preparing an estimate of the work to be done
prior to the awarding of the contracts, This estimating could not be

performed fast enough to allow prompt commencement of tke work. PFurther,

a fixed-price contract was considered infeasible because of the large muzber
of litigations thut could irinc as & result ol differences in opinion
concerning ﬁocolnnry contract variances in the course of work,

As a result, all contracting was done on a manpower and equipment-time
basis, Contracts ran for 30 days, st the end of which they could be
terminated or renewed, Further, contractors were given about 10 days to
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get their equipment together and to get their operations organized; the
Corps of Engineers retained the option of terminating a contract 5 days
later (15 days total) if a contractor showed he was obviously unable to gei
his operation underwayv. The Corps did not feel it necessary to terminate
any contracts after 15 days; however, one contract was not renewed after the
30-day period.

Debris Clearing Operations

Debris clearing consisted of a series of separate operastions that
included gathering, loading onto trucks, hauling, and cdumping. Ofien the
"gathering”" required cutting Lieces to a manageable size and demolition of

hazardous structures.

A military team for debris clearance included:

dump trucks (10 cu yd capacity)
bucket loader '
chain saws (22 in.)*

saw file

W = N = o

men (minimum)

These crews qperttedAon an ll-hour day, each truck making approximately 10
round trips to the dump site. |

Civilinn'heavy-equtpnont teams were similarly organized, using three or :
four dump trucks per loader. However, the dump trﬁckl had capacities of
10 to 26 cu yd and the loaders available to the civilian contractor were of
assorted types, most of which were considered less qtftcidnt, for the fzpl or
debris present, than those used by the Army. Civilian teams mansged about |
8.5 loads per day per truck. »

*A 36-1n. chain saw would have been a better choice had it been available.
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Table 3 shows statistical data for the debris-clearing operation as
gathered by the Army Corps of Engineers from 9 contractors working the
20 parcels, Table 4 shows how the effort and progress varied for one

parcel over 9 days,

Many different types of equipment were used for loading debris onto
trucks, The front end loader with a standard bucket was almost useless for
clearing brushy debris because it could not hold onto large pileces while
maneuvering them onto the trucks, The types of equipment that had grapplers
were effective in loading debris onto the trucks. The "Prentiss” type loader
was by far the most versatile loader. However, for specific debris clearing
tasks, other types of loading equipment were more useful (Ref. 13). For
example, cane lcaders were especially useful for very bulky and lightweight
debris, but they were less effective on large pieces of heavy debris. The
standard 4-in-1 loader as used by the Army wa: also highly satisfactory for
loading bulky debris onto trucks.

The tailgates of trucks were removed for the debris-hauling operations
so that trucks could be dumped more quickly (Fig., 18). Although this mode
of opsration facilitated dumping, it had several disadvantages., Trucks
could not be loaded to more than about one-half their capacity, and debris
very often bounced off the backs of trucks during transport, thereby
1ittering the streets and creating minor road hazsrds. Trucks usually
sppeared to be hauling only about ome~fourth their cubic capscity, but this
estimate is bDased on casual observation and not on a statistical sampling
at & control point. Trucks were often forced to queue at the entrance to
dmps, vhich was wasteful of equipment time.
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Table 2
ARKY CORPS OF ENGINEERS DEBRIS-CLEARING OPERATIONS
Totals
Item 1ypical Day* to Sept 18
PERSONNEL AND EQUIPMENT
Contractor Personnel Working** 2239
Total Pieces of Equipment Working
Loaders 177
Dumps Trucks, Phase II 509
Miscellaneous Equipment 517
1421
WORK ACCOMPLISHED
Truck Loads Delivered 6309 70,215
Phase II Operation
Miles cleared Pass 1 39 678
Pass 2 36 440
Pass 3 24 73
Total miles to clear 740
Phase III Operation
300' squares cleared a7 60.5
* e
Sept 15, 1969 9 contractors working 20 parcels

Table 4
NINE DAYS' OPERATION ON PARCEL 6
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Heavily loaded Truck Headed for the Dump.
overhangs the truck bed.

Note that the load

B. Loaded Trucks Awaiting Eantrunce to Dump

Fig. 18, Debdbris Hsuling
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MISCELLANEOUS OBSERVATIONS AND FINDINGS

While conducting interviews and site inspections in the disaster aree,
several items of ci.il def=2nse and emergency operations interest, but nct

directly related :o the objectives of this study, were noted.

Military Support

The Navy Mobile Construction Battalion located at Gulfport and the Air
Force unit located at Keesler AFB, Biloxi, both offered assistance to the

local government following Camille. The Navy SeaBee's had training and equip-
ment that were of great immediate benefit, They contributed 2 battalions
(about 1500 officers and men) for 2 days following the hurricane. These
battalions performed rescue work and debris clearance and assisted the public
utilities. In addition, the SeaBee base loaned the Civil Defense Director
many portable emergency power generators. The Air Force generously supplied .
manpower and vehicles. The National Guard was mobilized and acted immediately

to maintain law and order, to restrict the flow of sightseers into the area,

and to help direct traffic in the downtown areas where traffic lights were

not operating and congestion was severe. Then the Army Engineers arrived for

debris clesrance, as discussed esarlier. All of this military support wes an

important contribution and was sppreciated by the Gulf Coast residents.

Reference 1 describes details of thess and other Federal actions.

Ramedial Movement

A remedial movement operation occur~ed during the height of the huvri-
cans at the SesBee base. The SeaBee hesdquarters lasrned, through radio
communications with the occupants of warshousea used as shelters, that the
windward walls of four warehouses were coming apart and exposing the interior
0f these warshouses to the fierce debris~laden winds., These four warehouses
held between 800 and 1200 men and officers, The warehouses had tc be
evacustoed, The question was only how to effect the move most quickly and
saf: ly,
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A nearby warehouse (about 1/8 to 1/4 mile away) was slready housing
a large number of military dependents. Eight amphibious tractors were
mohilized for assistance., The relocation operation took 30 to 40 minutes.
Cnly about 12 men were injured, a very small number in view of the debris-
laden winds (over 100 mph)., Further, the injuries were not serious. The
men were treated and reieased, During the move, discipline was maintained

to an acceptable level,

The receiving warehouse, consisting of three 200-ft by 200-ft bays,
eventually siieltered about 3,000 people., One of the bays similarly became
uninhebitable and the shelterees then crowded into the remaining two bays
containing heavy equipment and supplies. As the building became more crowded
and the possibility of collapse increased because of ever-increasing wind
intensity, people took refuge under the heavy equipment for additional
protection, An excellent level of self-discipline was maintained throughout

this extremely hazardous period,

Civil Defense Coordination

The Harrison County Civil Defense Director, Wade Guice, had & hurricane plan
{Ref. 12) that was activated on first warning of the Weather Bureau. During the
entire period, from warning until the emergency had subsided, the CD head-
quarters operated as an effective communication, information, and coordinating

center, through which resource acceptance and distribution was coordinated,

The National Warning System (NAWAS) provided an invaluable communications
link. The NAWAS circuit is a land line voice communications and is linked to
Civil Defense and Police Departments in Pascagoula, Ocean Springs, and Biloxi,
to Harrison County Sheriff's Department, the Gulfport Highway Patrol, and
Gulfport and Harrison County Civil Defense, as well as the State Civil Defense
Office. NAWAS was the unly 100% operational communications for many days

between these agencies.
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Civil Defense rescue trucks were deployed and operating during the
hurricane, OCne truck was trapped by rising tides and was lost. The many
others made a substantial contribution, especially in rescue work and in

plugging gas leaks.

Volunteer Supplies and Jervices

Many companies and individuals rushed supplies and assistance toc the
Gulf Coast area. Many of the Gulf Coast businessmea made their rescurces

available.

Giant Foodstores, inc., and Delchamp Foodstores provided more than
43 truckloads of food to the Civil Defense authorities, This food was placed
in 12 distribution centers located in churches and achools throughout the
ares, Food was offerec free in l~day rations., These distribution centers,
vhich operated for about 10 days, also supplied clothes and bottled drinking

water,

After the 10-day period of ojzsation of “he 12 food distribution centers,
the Red Cross arrived and re~orieanted the disi. “Hution center system, The
12 centers were replaced by one lerge distrirution center, which enabled
much better control over distribution and reduced the cost of distributing
food to the populai.on, HMany weople who needed food, however, lack the
transportation to get ¢ ithis distribution center and therefore were hindered
in their effort to obtain aid.

Packaged water was supplisd by soft drink bottlers, breweries, and milk
distributors, and bulk water was brought in by milk tankers for a period of
about 2 weeks, while locally supplied water was of questionable safety.

Clothing poured into the area from all over the nation, However, it was
not as critically needed as were water and food, Further, it was unsorted,
and therefore any distribution that would not have been wasteful would have

consumed much labor for sorting.
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A railway car of chain saws was located in the vicinity of Gulfport,
The owner or consignee wes quickly located., He authoriczed re-routing of the

car to Gulfport so that this equipment could be used to help clear the
strests,

The ice industry in the outlying ereas shipped much ice into thc
disaster sarea to preserve perishable products (especiaily milk) that were
without refrigeration, Ice was also critically needed by the morgue,

The surviving hotels and motels often allowed repairmen to use their

rocas free,

A Humble Oil Co, truckdriver, upon hearing of the acope of the disaster,
drove his gasoline tanker into Gulfport and located it across the street from
the Civil Defense headquarters, He then dispensed gasoline to emergency
vehicles for the next 3 days without cherge and did this despite a severe
attack of influenza, This service was especially valuable, for although
there was much gasoline stored underground at service stations, this gasolinc
was largely unavailable because of loss of electric power for pumping the
gesoline,

FDA snd PES Involvement

The safety of the public and the possible danger to public herlth
arising out of the disaster spurred Fcod and Drug Administration and Dublic
Health Service officials to speedy action, They ver: quickly isaued warnings
not to drink water from the public wator supply until iest results had

Andicated the water was safe and tiso quickly condcmned tnd orusred destroyed

frozen meat that had lost refrigerstion, Thi. latier action caused a ripple
of dissension., The Sheriff's Department ha< to supily men tu guard such
"iunpoct" meat until it was removed from ‘hc cold sturage sres and moved out
to the dumps, where it was destroyed.
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treet-SiEns

Many street-signs were destroyed as Camiile crosgsed the coast. This
was of minor consequence to the local citizenry, However, the state disaster
office supplied a number of expediters to the disaster area and these persons
frequently lost their way around the town, cspecially in the areas close to
the beach,

Economic Status

A study of the economics of the Gulf Coast as shaped by Camille would
be a massive undertaking., However, our observations, made witk our own
perticular bias, may be indicative of the type and scope of the problems,

The timber industry is the largest industry in the area and undergirds
much of the economy. Damage to timber was extensive and required immediate
attention as was mentioned earlier. As a result sawnills and other buyers
of timber were deluged with logs of uncertain quality. In order to maintain
an equitable (and, under the circumstances, high) price for these logs, the
largest of the buyers made greater economic concessions than might have been

expected.

The motel industry, another major source of income, was almost wiped
out, as it was confined to the waterfront, This is expected to depress
income frow tourism for almost a year, which in turn will reflect on the rest
of the economy.

The fishing industry, also located on the waterfront, was almost wiped
out, This will probably rebuild quicker than the motels but nevertheless
represents an impoctant medium-term loss of revenue to the city of Biloxi.
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The pecan orchards were very badly damaged and will be producing at
lower than pre-storm level for 2 decades., Local pecan shellers will be
forced tc buy pecans from out of state, This will add to the cost in two
ways: buying costs will be higher and transportation costs will be higher,
Yet their markets wil! be the same as before the storm., Therefore they will
find themselves in an unfavorable competitive position compared with their

pre~storm status,

Post-storm debris clearance operations, which paid wages above local
scale, absorbed almost the entire local floating labor pool and, additionally,
drew in many laborers and semi-skilled workers from local industry, thereby
hampering the restoration progress of many, particularly the smaller ones,

The overall impact of Hurricane Camille on the economy of the city of
Biloxi wa3 that it knocked out about 90% of the industrial base for at least
30 days. Consequently, the revenues to the city were greatly restricted, and
it 18 estimated that for the next several years, its yearly earnings will be
only a fraction of those for 1968, To compound the problem, the city
incurred increased expenses due to the damage and rebuilding required to
restore services. The city of Biloxi was faced with the problem of perhaps

not even being able to meet payrolls and feared that it was insolvent.

The federal and state governments moved very rapidly to mitigate
Camille's dovastation. "Hurricane Camille — A Month of Federal Action”
(Ref. 1) gives an overall view of the scope soon after the storm of just the
federal programs aimed at helping the Gulf Coast to rebuild,

Energency Electric Generators

Several low-lying hospitals lost their installed emergency power
generating capability when the rising tide flooded their emergency genera-
tors. Apparently they had no provision for keeping these generators dry.
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Fig. 19. Civil Defense Generators at Gulfport Airport (Sept 30, 1989)

Large numbers of portable emergoncy electric generators were shipped into
the area as soon as the hurricane subsided. Many of these never saw service
(Fig. 19). Others were delivered to sites where they could be used but were
not connected. Some, as noted, were used effectively and were greatly appre~
ciated by those who benefited. No adequate explanation for the poor utiliza-
tion of some of the generators was apparent.

Civil Defense Exsrcises

The Civil Defense offices in the major towns and cities of Harrison
County, Mississippi, bad an OCD exercise that simulated a nmuclear attack,
Thiq exercise took place about 3 or 4 months before Burricane Caamille.

Those invclved in the exercise remarked that it sharpened their skill and
nade them more aware of their responsibilities and capabilities, so that they
were able to be more effective during the Camille disaster,
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DISCUSSION

The documentation of restoration and reconstruction effort following
Camille was uneven in detail and quality. Although we were given access to
available information and data, we found that it was not suitabie for analyz-
ing the restoration problem quantite:iwvely. The information that was collected
was more closely related to the data requirements of conventional cost account-
ing practices. That is, a description of the resources in the form of account-
able items such as labor, machinery, and supplies, was well documented; however,
these resources were not closely identified with the degree of damage, esti-
mated restoration effort, or work performed, except in the broadest terms.
Therefore, the information relating to restoration efforts following the disaz-

ter would be applicable to planning for future disasters only in general terms.

Debris Removal

Debris removal, which was supervised by the Army Corps of Engineers,
was an enormous task. The data required for cost accounting between contrac-
tors and the Corps of Engineers were most carefully collected and tabulated.
However, as stated above, these data were not directly useful to developing
predictive techniques. Useful information that we were not able to locate
includes data on debris, truck loading, and hauling. Debris factors include
type and composition (limbs, lumber, mortar, etc.), density (amount per
square yard), and areal distribution. Truck loadiﬁg factors include weight
or volume of each load (or even of sample loads) and debris type. Hauling
factors include haul distance, road conditions, e.g., traffic congestion,
and iinc lost awaiting entry to the dump. URS and George Wickham of Jacobs
Associates made some "back of the envelope” calculatione and estimated that
dedris haul:hc_rntol may have boen as high as one-half or as low as one-teuth

| the work rates calculated using formulas and factors developcd by Jacobs for

postattack road op.htn( operations (Ref. 8). The work rates in Mississippi

were not unreasonable when one considers qualitatively several factors that
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are not included in the work-rate formulas: contracts were let very quickly

so that work could get underway; contracts did not contain any strong iacsntive
features; many of the crews were untrained; experienced foremen were :::

short supply; hauling distances were much longer; traffic conditions between
the loading point and the dump were bad; and traffic jams ofton occurred at

the dump entrances. All things considered, the debris hauling operation

progressed about as well as one would expect under the circumstances.

Debris Estimating Using Aerial Photos

Debris estimeting can be done by applying common photo~interpretation
techniques to aerial survey photographs, Aerial survey photograplis were
taken of the Gulf Coast area on the third day following the storm, They were
available for examination a few days later, but by this time the Phase I road
clearing operation was well underway and several of the Phase II contracts E
had been let, Therefore they were not useful as a basis for writing contracts :

to be let soon after the disaster. o

These aeriel survey photographs revealed very clearly major debris
blockages of roads, sven to relatively untrained observers., Two examples
showing wind-felled trees and water-driven building debris are given .n
Figs. 20 and 21. These are enlargemenis from aerial survey photographs taken
at a nominal scale of 1 to 10,000, from an altitude of 5,000 ft., The
enlargenents wers made from contact prints; therefore, these enlargements lost
considerable quality over what could be obtained by enlarging or from viswing
the original negatives,

Color transparency aerial survey photographs were also taken sbout the
same time, The color transparencies showed very vividly the debris line left
at high tide. 'hcn.oxnntnod on a light table through a stereoscopic viewer,
these photographs show debris heaps clearly enough so that an untrained
observer could estimate their height by comparing them to obje ts of known
height. Figure 23 shows debris from an oblique aerial photo taken at about
800 ft altitude.
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From Wallsce-Zingery Photo

Pig. 30. Fallen Trees in Gulfport (Aug 20, 1969). North
is up (Stereo pair; scale, about 1'1800)

" et st o




rig. 21.

From Wallace~Zingery Photo

Water-Driven Dedris in Biloxi (Au, 30, 19€9). South (and
the Gulf) is up. (Stereo pair; scale, about 1:1800)
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From Audrey Murphy Photo

Fig. 32. Water-Driven Debris in Biloxi (Aug 30, 1969)
Rescue Rfforts

‘We gathered that a great deal of effort was direuted toward the search
for persons who might have buen injured or trapped. W queried several of
those who were in charge of resocus operstions. Invariably they felt very
strongly about the L-porunoo of rescus work and felt that rescue should have
been given more support. Nurther iaquiry oa our part revesled that no lives
weore saved as a result of rescue efforts conducted more than a day after the
stora luboid.d. This leads us to queation the valus of rescue worl performed
at 50 late a period. The question is not whether or not rescue should be

a3
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rerformed, but rather what proportion of available resources should be applied
to rescue and how to persuade emotionally involved persons to direct their

efforts toward other, equally important operations.

Approximately 100 bodies of hurricane victims were recovered by search
teams. These were brought to a local morgue for identification and preserva-
tion. The morgue was without refrigeraticn because of the lack of electric
power. Much of the ice that was trucked into the area was required by the
morque. This experience shcwed that operating a morgue at an acceptable

degree of risk to health would be an enormour problem in the poststtack world.

Mutual Aid

We fourd no evicence that planning in the smaller companies included
mutual aid, either by combining preparatory actions before the hurricane or
by combining restoration efforts afterward. Only in one instance (Glenbrook
Labs and Gulfport Glass) did we clearly see the possibility of a fruitful
mutual a’d arrangement. The Gulf Coast wze never isolated to the extent that
it had to rely entirely on its own resources, therefore mutval aid agreements,

1f they existed, would not have been very apparent.

The public utilities and Standard Oil did have arrangements to obtain aid
from affiltated companies in other areas. This type of planning was of grest
value in restoring these establishments following the hurricane, and should
be equally valuable for restoration following a small nuclear attack. It

would be of less value following a large-scale attack.

Reliance on Civil Defense

Ve found very iittle evidence that, befors the hurricane, industry had
& significant interest in civil defense. TFollowing Camille, civil defense
was recognized as an important local function, MNany of the facilities we
visited gave high praise to the local Civil Defense Director and to the
valusble assistence given by the local Civil Defense headquarters.
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Wsrning

The hurricane warning was taken seriously by almost all of the
estebhlishments we contacted, Relatively costly preparations were initiated
in Gulfport, Bilexi, and Pascagolila, even when it appeared that Camille would
cross the coast of Florida and miss the coast of Mississippl by several
hundred miles,

Apparentiy the quantitative (magnitude and direction) information
communicated in the Weather Bureau advisorieg and bulletins was used as a
basis of planning insofar as time permitted, But Camille rapidly developed
extreme intensity shcrtly before striking the cosst so that, in several
instances, the preparatury action, slthough ¢:tensive, was inadequate. The
gituation accompanying é wa n.ng of possible nuclear attack would be
considerably intensified over that of @ hurricare warning., Very likely less
warning time would be given and predictions of possible impact site would
either be unknown or only vaguely known, Later, should there be a threat of
faliout, predictions of areas likely to be threatened by the fallout would
probably be no more certain than these regarding the path of the hurricane
and again, less time would be available for taking useful action following
the warning. Nevertheless it aoes‘appear that such warning would be useful

to and appreciaied by most industrial segments.

The Problem of the Smalle: Plant

The smal .er plant seems to have fared somewhat more poorly than the

larger ones, This may be attributable to several factors which include:

o Larger planis seem to be better constructed, and perhaps
newer, end better maintainea.

¢ Larger jlants have a larger reservolir of personnel from

which to draw, but of course they have more complex and
greater operating prcblems:
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® The financiel base cof the larger companies is probably
betier, which allows them to order replacement parts
freely and is probably a factor in attracting people back
to the plant more rapidly, since thsy feel assured of a
wage. (Some smaller companies report that absanteeism
was much higher than usual, their workers spparently being
attracted by higher wages offered by outside contractors.)

Injured

Upon reflection we do not recollect nor did we find in the after-action
rep>rts (Ref. 11) any meation of a large number of persons seriously
injured during the storm or cf a call for largs quantities of blood, (We
conjecture that most of the deaths were due to drowning.) We conclude that
few pe~sons were seriously injured compared to the mumver killed, In this
respect, injuries due to the hurricane were substantially lower proportionally
than Japauese nuclear bombing experience and what }s expected from 2 megaton-
sized altack. With this low proportion of injured, self-help (with only a
modest amount of outside help) was sufficient to cope with the medical

problen,

Attitude Towards SBPporting_gpeggggcy Operations

Immediately preceding the hurricane and for a day or so following, the
attitude of almost everyoue appeare. to be cooperative, outgoing and selfless,
When financial arrangements were made, they were accomplished quickly and

were not allowed to interfere with the progress of the job.

Within a few days ihe attitude changed markedly. Financial arrangements
took on much greater importance. Willingness to help appearsd to diminish in
importance. Institutionalized aid grew in strength as national organizations,
and state and federal governments sent officials and workers from distant
points into the disaster area. By the time we arrived (& month after the

hurricune), we found more than a little bitterness expressed in describing the

work of many institutions, even though the express purpose of these institutions

was to help relieve the suffering of the population and to help improve busi-

ness and economic conditious.
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We have no constructive suggestions to make relative tc this problem,

Perhaps we have not even identified the problem hut only described some

symptoms, Nevertheless the situation may merit further sociological study,

Invest{ggtingﬁand Interviewiqg Comment

Arriving at the Gulf Coast at the time we did — although accidental —
proved to be appropriate for a disaster of this scale, Events were still
fresh in people's memories, yet they had time to talk with us. Most
telephones were operating, power was restored, and roads were passable,
Interviews could have been conducted without these conveniences, but the

cost of the field work would have been much greater,

Camille Data Bank

Several other teams of investigators have studied other aspects of the
Camille disaster, and much data has been collected. Appendix A lists those

sources that came to our attention during the course of this project.

A Final Word

Many of the observations made in the course of this discussion are
based on hearsay and off-the-record comments made during the course of the
interviews, Others reflect the author's impressions of the situation a
month after the hurricane,

The conclusions expressed in the next section are in part based upon
limited observatiors of the relatively small geographical area that was
ravaged by a hurricane of unprecedented power, This limited basis for
drawing rather general conclusions is at least partly offset by our experi-

ence in studying disasters and the effects of hypothetical nuclear attack

on industry, experience which has been incorporated in the conclusions set
torth,
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Section 3
CONCLUSIONS

DEBRIS REMOVAL AND CLEANUP

The opening of major arterials should be assigned the highest priority
followirg a major disaster. Such action is required to provide lanes for
emergency vehicles engaged in lifesaving activities and to provide routes
that will allow recovery efforts to progress. The effort and resources
involved in opening major arterials is relatively minor. On the other
hand, removal of debris for health and reconstruction purposes, which requires
massive commitment of manpower and resources, should proceed at a lower level

of priority.

Present data-collecting practices for debris cleanup operations are
inadequate for measuring work rate. These practices should be modified so

that suitable data can be collectod in the course of future operations.

INDUSTRY

Continued operation of manufacturing and production establishments in
the face of a severe hurricane is impractical at best. It is safer and more
practical to shut down almost all facilities except those providing vital
services. All processes that can be shut down should be stopped; all non-
essential personnel should be sent home or to shelters and the facility either
left unattended or in the keeping of a small security force. On the other
hand, if the facility is built very substantially, its use as a shelter for
employees, their families, and possibly the public chould be considered.

Facilities located on the waterfront are inherently vulnerable to damage
by the rising tide from & hurricane. These include seafood canneries, sewage
treatment plants, port facilities, etc. Not much can be done to reduce the

vulnerability of these low-elevation facilities,
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During hurricane season (and as a part of increased readiness prepara-

ticn) industry should control the amount of loose material stored in the open

80 that all such material can be properly stowed during the warning period
tbrough the use of labor and equipment whose availability can be relied on.

| Commerciasl electric power to a plant to be left unattended should be
disconnected at the service entrance to avoid the possibility of short cir-
cults within the plant and the consequent hazard of fire. Similarly, gas
should be shut off at the service entrance and also at each piece of equipment.
Plant utilities (boilers, generstors, etc.) of plants to be manned with a
skeleton crew should be put on standby.

Dlla‘g Estimation and Repair

Interior damage, that is damage to manufacturing equipment, cannot be
reliably estimated on the basis of external building appearance. Minor breaks
in siding and roofing can adnit storm water, which, in turn, can seriously
damage electricnl and electronic items and initiate rusting of production
equipment; such aamage generally wouldn't be visible outside the plant,

At low damage levels, most repair and restoration work can and should
be performed by plant employees. Outside assistance will be required mainly
for glazing and roofing and for repair and replacexent of electronic and
eluctrical equipment and controls.

Plants should maintain duplicate sets of prints in separate locations.
Blueprints and plsas of plant layout and equipment are essential for rapidly
estimating damage significance and for planning and performing repair.

Those establishmentes that suffer moderate damage, including loss of their
blueprints, will be at & distinct disadvantage.
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WARNING

Industry does make use of hurricane warnings issued by .the Weather
Bureau. Industry can be expected to make use of other warnings, such as
a Civil Defense attack warning, if properly informed regarding their import

and meaning.

EMERGENCY POWER SOURCES

Installed emergency power scurces are highly useful in an emergancy.
They are very valuable for maintaining operations that eithor cannct be shut
down or have a long start-up time. HRmergency power sources are usaful for
maintaining plant illumination and they can be used to expedite repair and

reclamation.

Emergency power generators should be provided permanent, extra-reliable
westher protection so that they will not be put out of service during a
storm as a result of flooding or entry of rainwater. The reliability of
generatore not given this extra protection can be improved somewhat by pro-

viding tarps, etc., for temporary weather protection of the generator and its

controls in case building siding or roofing fails, as csn occur in severe

storms,

The operational problems for distributing, installing, and running
Civil Defense emergency power generstors have not been solved and merit
turther study.

UTILITIES

The hurricane plans of the investor-owned public utilities (i.e., power,
telophone, and gas) are adequate for coping with locsliszed disasters, but
these plans would be much less effective in case of & nationwide disaster,
in which cooperation among affiliated companies w»ould likely bde restricted.
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Public utilities should begin working closely with civil authorities, f
civil defense, and with other local utility companies to prepare a coordinated
general plan for self-sufficient post-disaster operations and for the (perhaps

limited) reconstruction of the service area.

EMERGENCY HEALTH

Loss of potability of the water in municipal water systems represents
a considerable inconvenience to the population and results in inefficient use
of resources (e.g., chemicals, packaging materials, and labor) caused by the
requirement to treat and distribute water in small lots.

The current conservative practices of the Food and Drug Administration
and the Public HRealth Service, that is, destruction of food and supplies
which may be tainted or contaminated, can lead to possible needless waste of
such resources at a time when food may be in very short supply. These agencies
should de prepared to supply guidance on the salvage of suspect or contaminated
saterials.

CD RXENCISES

Civil Defense exercises that zimulate nuclear attacks or large-scale
disasters should be performed regularly. They are sn especially useful device
for sharpening the skills needed for operating effectively during disasters.
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Section 4

RECOMMENDAT IONS

DISASTER INVESTIGATIONS

Large~scale disasters and the responses to them represent an important
source of information on the effectiveness of civil defense and related pre-
parations, on the weaknesses of current programs, and on improvements that

can be incorporated into programs in the future,

The Office of Civil Defe:se should continue to support directed site
investigations of disasters. All areas of civil defense appropriate to
a specific disaster should be included: emergency operations, industrial
recovery, debris removal, economic recovery, social system changes, the
response of institutions, etc,

DATA BANKS

Bach disaster, and Camille would be included here, should be documented
by a "data bank" in the form of a library (or at least a bibliography) of
all pertinent information, maps, photos, reports, ete.,, so that disaster and
civil delZynse researchers can select from a comprehensive collection of

materiale. Appendix A gives some sources of other inforsation on Camille.

DEBRIS CLEARING

The Corps of Engineers’' file of data or debris hauling after Camille
should be screened once more, now that the file is complete. It may be
possible to obtain reasonable estimates for some of the parameters for which

we had inadequate information, such as haul distance and debdbris density, so
that production rates can be computed. This would be valuable fesdback for
proof-testing estimating methods (such as Ref. 3).
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Planning guidelines should then be developed for fut.re large-scale
debris-clearing operations. These guidelines should include a listing of
all factors of importance in debris hauling estimation and evaluation, and

descriptive information on the importance and application of each factor.

Future debris-clearing operations should make use of the planning guide-
lines and should be documented by engineers well schooled in production rate
estimating. Aerial survey photos, if available, should be used in a pilot
study of job-estimating. Experiments should be performed in the course of
thase debris-clearing operations on candidate methods for improving operational
efficiency, including varying equipment ratios, operating trucks with and
without tailgates (and tailgate modifications), employing various types of
incentive contracts, and testing various methods of measuring production
rates.

Debris disposal operations should make uses of current waste disposal
technology. Studies should be performed and contingency plans formulated
that apply to large-scale operations following area-wide disasters.

FOOD HEALTH STANDARDS

Inspection procedures and standards that are adequate during peacetime
disasters might 1lnad to unacceptable wastage of food if they are applied during
a wartime national emergency. Present procedures for deciding the disposition
of fuods thst have lost refrigeration, or canned goods whose containers are
damaged, should be re-examined and if found in need of revision, new guidance
on safe salvaging methods should be developed.

EMERGENCY ELECTRIC GENERATORS

Methods for fully utilizing portahle emergency electric generators
should be developed. The factors that merit study include establishing

‘priorities for the use of generators, requirsments for managing their

distribution, methods of announcing their availability, transportation
‘requirements for siting the generators, and requirements for an sstimated
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availability of electriciens for connecting the generators or adapting
instructions so they can be installed by non-electricians., Guidance that
is developed for the installation of emergency power generators should
include recommendations for protecting generators subject to flooding by
high water and recommendations for temporary emergency weather protection
of thoss in lightly constructed buildings.

77

e s a————

P e




Bl 792-2

50

10.

: 11-

i e r——

Section §
REFERENCES

HBurricane Camille — A Month of Federal Action, Office of Emergency
Prepaindness, Sept 25, 1968

Rotz, J.V., J.E. Edmunds, and K. Kaplan, Formation of Debris from Build-
ings and Their Contents by Blast and Fire Effects of Nuclear Weapons,
URS 651~-4, for Office of Civil Defense under Contract No. OCD-PS-64-301,
by URS Corporation, Burlingame, Calif., April 1966

Mintz, et al., Logistics Debris Clearance and Removal, Technical Report
4320, Operations Research Inc., Silver Spring, Md., Aug 1967

Lee, H., Industrial Recovery Assessment Techniques, Stanford Research
Institute, Menlo Park, Calif., Feb 1968

Wickham, G.B., Debris Removal, Civil Defense Cperation, Vol. I
(Pinal Report), TR 101, Jacobs Associates, San Prancisco, Calif.,
Mar 1969

McPadden, P.R., and C.D. Bigelow, Dovaloant of Rapid Shutdown Techniques
for Critical Industries, Stanford Research Institute, Menlo Park, Calif.,

Jan 1966 zAD 643 573)

Yojet, C.R., ¥W.H. Van Horn and M. Staacksann, Dimage to the Basic
Chosical Industry from Nuclear Attack and Resulting Reguirements for
Sepair and Reclusation, Final Report, URS 687-4, URS Systems Corpora-
tion, Burlingame, Culif., June 1968 '

Valker, 7.B., Batimating Production and Repair Bffort in 3last-Damaged
Petroleun Refineries, SRI Project MU 8300-620, Stanford Research Institute,
o rark, calif., July 1969

Burricans Cawille, Aug. 14 - 23, 1969 (Preliminary Report), Environmentsl
Sciences dervices Administrastion, U.8. Dept of Commerce, Sept 1969
"Murricans Camille,” Fower Lines, Vol. 43, No. 7 (Specisl Iseue)

After Action hggrtl Operation Camille, Misstssippl Civil Defense
¢« MOV, B,

Quice, Wade, BMarricans Plan, Civil Defenss Council, Marrison County,
Miasissippl

U.8. Atmy Corps of Enginesis, Nobils District, After-Action Report,
Burricans Camille, Mobile, Alsbame, Fed 1970

7

e R S Y™ R N




Kl 782-2

Appendix
SOURCES OF OTHER INFORMATION ON HURRICANE CAMILLE

Public Response to the Hurricane

Dr. E.L. Quarantelli, Disaster Research Center, Chio State
University

Warning Response by the Public

Dr. Kenneth P. Wilkinson, Director, Social Sciences Rezearch Center,
Mississippi State College, Hattiesburg, Mississippi

Business and Incuctiry Damage Survey !

Mr. Edmond Brunini, Governor's Emergency Council, Post Office Drawer 2470, P
Jackson, Mississippi 39205 _

Aerial Survey Photographs

1. Wallace-Zingery Aerial Surveya, Inc., P.0O. Box 476, South Houston,
Texas 77587
¢ Black-and-white photographs scaled 1:10,000 (from 5,000 ft
altitude). Photograph.d on Wedneaday, Aug 30
2. Robert Piland, Acting Chief, Earth Rersources Division, Manned
Spacecraft Center, MASA, Houston, Texas
e Black-and-white tranaparencies and color transpsrencies, scaled
at 1:10,000 from 5,000 ft altitude). Taken on Wednasday,
Aug 20
o Infrared transparencies and dlack-and-white transparencies taken
at a scale of 1:60,000 (from 80,000 ft altitude). Photographed
on iodnudny. Aug 30
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h Obligque Aerial Photographs and Surface Photographs
E ! 1. Audrey Murphy Photography, 309 Reynoir St., P.O. Box 575, Biloxi, 1
£ Kississippi, 39533 i
}, 2. Gulf Publishing, Co., Inc., Gulfport, Mississippi 2
; 3. Graphic Press, P.0. Box 202, Biloxi, Mississippi
;
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This report describes the results of an investigation and a2 site ;

inspection of the industry along the Mississippi Gulf Coast following Hurricane

Camille. The investigation covered public utilities; selected samples of the

. manufacturing, chemicsl processing, and food processing industries; and public i

i | works, including debris removal. The major topics covered during the interviews

, were hurricane plans and preparations, emergency actions during the hurricane,

damage inflicted, and restoratinn activities,

The results are examined from the viewpoint of their relationship to eivil
defense and restoration efforts following a nuclear disaster, Conclusions are
drawn that relste to both hurricane and nuclear disssters. Recommendations are
made on measures to reduce the effects of such disasters and on subjects
warranting further study.
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